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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

MEMORANDU M RE PORT 
for the 

Air Technical Service Command, Army Air Forces 
SOME FLIGHT MEASUREMENTS OF PRESSURE DISTRIBUTION 
DURING TAIL BUFFETING 
By John Boshar 

SUMMARY 


Results are presented of pressure-distribution 
measurements taken over the horizontal tail surfaces of 
a Curtiss P~I|.0K airplane during several low-speed pull- 
ups to abrupt stall in which tail buffeting was exper- 
ienced^ 

The results indicate in general that the chordwise 
load distributions obtained during buffeting are of the 
type usually associated with angle-of-attack changes. 

In the early part of the stall the center of buffeting is 
concentrated on the inboard sections of the tail while 
after the stall has spread spanwise on the -wing the whole 
tail is enveloped. The average value of the increment in 
the tail normal- force coefficient due to buffeting was 
i0.2po The frequency of the pre-stall disturbances and 
those after the stall differ; both fluctuations appear 
regular enough to promote resonant conditions if the tail 
were of the proper frequency. 


INTRODUCTION 


One aspect of the buffeting phenomenon about wh 1 ch 
the designer of the airplane structure has considerable 
concern is the effect of the magnitude and distribution 
of the buffet load increment on the design of the hori- 
zontal tall surfaces. Although a breakdown of flow over 
the wing may be experienced at many points of the flight 
envelope (reference 1), buffeting which occurs at the 
upper left-hand corner of the V-n diagram has received 
more attention from the tail loads viewpoint because here 
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the buffet increment superimposes on an already high 
quasi— sta.tic balance load. Tail load measurements during 
abrupt stalls at low speeds and accel erations have been 
reported in reference 2, but the chordwise and spanwise 
distributions of load which would be aids to the under- 
standing of the mechanics of the buffeting have not been 
determined. 


During an investigation of tail loads being conducted 
for the Mr Technical Service Command on a Curtiss F-qQK 
airplane, some pressure measurements were recorded during 
low -speed maneuvers in which severe tail buffeting occurred. 
These maneuvers were incidental to one of the phases oi ^ 
the test program, and not for an investigation of the ouffet 
phenomenon as such; however, the instruments already in 
the airplane were such that both chordwise and spanwise 
distributions of the buffeting load increments over the 
horizontal tail could be determined. 


Accordingly, this paper presents the results of both 
chordwise and spanwise distributions of pressure over the 
horizontal tail surfaces during two abrupt stalls and 
isolated pressure measurements at four orifices, during 
two snaprolls. 


iPPARATUS 


Airplane.- A three -view line drawing of the Curtiss 
P-lqOK airplane used in the tests including a list of some 
of its geometric characteristics is shown in figure 1. 

The horizontal tail surfaces of the airplane were equipped 
with a number of orifices installed opposite each other 
to measure differential pressures between tne upper and 
lower surfaces. 

Pres sure -measuring apparatus.— The instrumentation 
for measuring pressures consisted of manometers which 
measured the pressure distribution during two of the runs 
and some special pressure cells which were used to obtain 
expanded records of pressures at four orifices during the 
other two runs . 


The pressure-distribution measurements were obtained 
at six spanwise stations on the right side of the tail and 
at one midspan station on the left side at the orifice 


locations shown in figure 2. '.'.he variation Oi ?re: 


s ur 0 


MR No . L5 JO 6 


with, time for each orifice was photographically recorded 
on a film whose travel was approximately l/ii inch per 
second. The individual manometer cells are so constructed 
ehat they have a volume of approximately 0.5 cubic inch 
on the pressure side and about 1.2 cubic inches on the 
static side. The tubing connecting orifices and cells 
was of 5/32 inch inside diameter and varied in length from 
6 to 12 feet so that the volume in the pressure lines 
varied from 1.7 cubic inches to 5 J 4 cubic inches. In general, 
the tubing going to the upper and lower surfaces were of 
the same length for each orifice. 

In the rims during which the expanded pressure records 
were obtained, the orifices used were chosen on the basis 
that they were good indices of the loads on the tail sur- 
faces in uns tailed maneuvers. These four orifices are 
shown circled in figure 2. Pressure cells were used which 

had a film speed travel of 1~ inches per second, much higher 

than the speed the pressure-distribution apparatus was 
capable of. Hie pressure cells were placed in the tail cone 
of the fuselage to obtain a minimum of lag and the pressure 
lines connecting each orifice were balanced. 

Miscellaneous Instrument s .- During the tests standard 
NAC A instruments were used to record the following quan- 
tities against time: the airspeed, elevator and rudder 

control positions, elevator stich force, normal acceleration, 
and the angular velocities in pitch, roll, and yaw. A 
timer was connected into the circuits of all instruments 
to synchronize the records. 


The tests reported herein consisted. of four runs per- 
formed from power-on steady flight at a pressure altitude 
of 10,000 feet. Dans 1 and 2 were symmetrical pull-ups to 
abrupt stalls at j * -=■- - 1 - ■■ 1 — - n ' r n 


and left, respectively, each at a speed of 135 miles per 
Lour . 


T2STS 


miles per hour 
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METHOD AND RESULTS 


The basic flight data are shown in figure 3 for the 
symmetrical pull-ups and in figure Ip for the snaprolls. 

Symmetrical stalls .- For each of the symmetrical 
stalls approximately 30 pressure values were read for each 
of the 75 orifices. The first two lines of figure 5 show, 
to actual si s e, typical pressure records obtained from a 
spanwise line of six orifices located at approximately 
30 percent of the chord. Since each trace had a different 
calibration the relative magnitude of the pressure change 
at the various points cannot be judged from the figure alone. 
Also on figure p &re shown enlargements of a pressure record 
from each rim with circles to identify the points at which 
the pressures were read. The breaks in the record every 
0.1 second permit a more accurate time correlation for such 
cramped .records than would have been possible with an unin- 
terrupted record. Notwithstanding the breaks in the pressure 
records, during the time period in which the trace lights 
were on most of the maximum pressure values were recorded 
as evidenced by the doubling up on the already exposed 
record shown by the brighter spots at the peaks. 

The pressure values on the various orifices on the tail 
appeared to reach their peaks at the same time. For each of 
the times corresponding to those of the circled points in 
figure 5 , the chordwise pressure distribution was plotted 
for the six ribs on the right horizontal tail and the one 
central rib on the left side, Chordwise pressure distri- 
butions for runs 1 and 2 are shown in the isometric views of 
figures 6 and 7* Eecause of the width of the record lines, 
the times at which the peak values occur cannot be deter- 
mined closer than approximately 0.05 second. The plots 
therefore represent the maximum and minimum values of 
pressure distribution occurring in this interval. For each 
time at which the peaks were read the chordwise pressure 
distributions were integrated to obtain the rib normal- 
force coefficient. 

Since a continuous variation of normal-force coefficient 
with time could not be shown because of the timer interrup- 
tion and cramped record, it seemed advisable to show the 
maximum and minimum points only and disregard secondary 
oscillations that were recorded. ^Further, in order to 
avoid a confusion of points, the maximum and minimum values 
for each 0.1-second interval were connected. Shown in this 
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manner is the variation of the normal- force coefficients 
on each rib versus time, figure S, and the variation of the 
total normal-force coefficient on the right horizontal tail 
versus time, figure 9* The maximum and minimum values shown 
by the bars on these figures represent values of Cj T . 

Snapr olls The variation with time of the differential 
pressures’ recorded at four orifices daring the snaprolls 
are shown in figure 10. The traces for these cells are 
shown without an ordinate scale, since the calibration curves 
were linear and because only the magnitude of the buffet 
relative to the mean value is of interest. In the case of 
figure 10 the calibration factors are approximately the 
same for all the curves so that the relative pressures can 
be noted from the deflections. 


ACCURACY OF RESULTS 


Tne errors which are important to the results pre- 
sented herein are considered to be those which would effect 
the distribution of the loads rather than their actual values. 

One of the possible causes of error in the distri- 
bution is the variability in the amount of resonance 
magnification experienced by the several orifice-tubing-cell 
combinations. Figure 11 shows typical curves of the 
relation between the maximum pressure recorded and the 
frequency of an impressed sinusoidal pressure for various 
lengths of tubing (from results of unpublished laboratory tests 
on various tubing-orifice configurations). Unfortunately, 
because of differences in the orifice-tubing configurations 
that were used end the assumption of regular sinusoidal 
pressure oscillations, the curves of figure 11 can only be 
used to indicate the possible order of magnitude and the 
direction of the errors in the recorded pressures. Ho 
correction of the data was attempted. 

So far as the distributions are concerned, it is 
believed that for the range of frequencies of the test 
condition, differences in the amount of resonance for 
various orifice-tube-cell systems would have reasonably 
small effect. The source of error in the distributions due 
to a pressure lag difference for the various tube lengths 
is negligible since, within the range of lengths used, the 
differences in length are not great and the tubes have 
about the same amount of constriction. 
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The magnification of the total loads may be as high 
as 25 percent for regular pressure fluctuations . The 
possible error in total load resulting from reading records, 
fairing and integrating pressure curves, etc., is estimated 
to be I Ip percent. 

DISCUSS ION 


In evaluating the distributions and magnitudes of the 
tail loads in buffeting, it is important to consider the 
amount of stall experienced by the wing. The buffeting 
exoerienced by the tail may range from the desirable mild 
buffet due to incipient flow separation, which warns of the 
approach of stall, to the severe shaking associated with t he 
abruot wing flow breakdown at the maximum lift. A number of 
items in the flight records of figures 3 and Ip show that the 
maneuvers were performed in such manner that probably maximum 
flow breakdown was obtained; namely, the pitching velocity 
exceeded 1 radian per second, and a very abrupt flow breakdown 
on the wings is indicated by the sharp, drop in the acceler- 
ometer records. 

The chordwise oressure distributions shown in 
figures 6 and 7 indicate that during the buffeting the 
chordwise distributions of pressure are, in general, quite 
regular and are of the type that would normally be associated 
with angle -of -attack changes. 

Indications of the effect of buffeting on the span 
load distributions ifnay be obtained from the results shown in 
fi glare 8 where it will be noted that immediately after the 
stall in symmetrical pull-ups the increments in the 
normal-force coefficients over the inboard ribs are greater 
than those over the outboard sections. These are shown 
pictorially in the isometric plots of figures 6 and V, 

Later, after the stall develops, the outboard sections also 
experience high buffet increments, presumably due to an 
outboard shift of the center of stall at the wing, with the 
result that the bending moment at the root of the horizontal 
tail is approximately as great, near the end of run 2, as 
at the time corresponding to peak acceleration when the tail . 
is already carrying a balancing up load . (A movement of the 
stall at the wing progressing outboard from the wing root 
has been noted in tuft studies of an earlier model of this 
airplane.) Thus, the severity of the buffeting from the 
structural viewpoint may be governed not only by tne 
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vertical displacement of the tail from the wing as shown 
in early studies of buffeting but also by the spanwise 
location of the wing stall relative to the position of the 
tip of the horizontal tail. 

The normal -force coefficients for the right horizontal 
tail (fig. 9 ) show that the buffeting causes an increment 
in normal- force coefficient of approximately ±0.25. It 
must be remembered that this value of the buffet increment 
was experienced at low speeds and for high angles of attack. 

Use pressure records for the snaprolls (fig. 10) 
indicate that the greater buffeting pressures are experienced 
on the part of the horizontal tail corresponding to the side 
on which the wing has stalled. The much higher buffeting 
increment recorded daring run I 4 . corresponds to a more violent 
stall as indicated by the more abrupt break in the acceler- 
ometer record and the character of the record showing the 
rolling velocity. 

The initial pressure increments of high magnitude 
shown in figure 10 for orifices Cp-5 and Dp L -3 in run 3 

and Or-3 in run 4 presumaoly are the result of a direct angle- 
of-attack change caused by the passage of the first shed 
vortex associated with the flow' breakdown at the wing. 

Similar results are indicated is the records of runs 1 and 2, 
where it will be noted that the sharp increases in pressure 
correspond to the sudden break in the accelerometer records. 

The extended pressure records of figure 10 are useful 
in indicating, the frequency of the subsequent buffeting, 
now ever, since there seems to oe no correspondence between 
the left and right sides during the roll maneuvers the 
frequency of the wing disturbance would seem to be more 
accurately noted from pressure records of orifices on the 
same side of the airplane as that on which the stall occurred. 

Reference to the extended pressure records shown in 
figure 10 , in particular for run l+, shows small amplitude 
pressure fluctuations which occur prior to the stall and 
whose frequencies differ from those of the buffet after 
the^stall. These suggest the possibility that a tail 
surface could be set into resonance by the preliminary flow 
disturbance so that the initial buffet flow would hit" a 
vibrating surface. 
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Detailed examination of the results given in figures 
5 and 10 indicate that, although the fluctuations are 
irregular in character for any particular orifice, the 
same fluctuations appear to be experienced simultaneously 
at all orifices along the semispan even so far as the 
secondary oscillations are concerned. However, insofar as 
possible .resonance is concerned, the large pressure 
fluctuations are more important than the smaller ones. The 
regularity of these changes, as shown in figure 10 by- 
orifices C r -3 and Dp-3 in run 3 and C L -3 in run 4, 

indicate the possibility or resonance with high resulting 
stresses » 


On the basis of the test results presented, little 
can be said of the wing wake frequency in a general manner. 
The Strouhal numbers were computed, however, for the 
two runs for which the frequencies could be determined 


where 


-3 7-7 

(runs 5 and k) . The Strouhal number (S = 
f = wing wake frequency; d, the dimension or the body per- 
pendicular to the air flow (equal to c sin a ) ; and V, the 
flow velocity) has been established as a criterion which 
connects the frequency of the shed vortices with the velocity 
For runs 5 and k> considering the predominant pressure peaks 
for the first 1/2 second, the frequencies wore approx- 
imately 15 and 1J4. cycles per second, respectively. The 
wing chord at the section from which the disturbance 
originated was taken to be 7,0 feet and the angle of attack, 
a was assumed to be that corresponding to the maximum 
acceleration. Strouhal numbers of approximately 0,25 an< 3 
0.30 -were computed for run 3 &nd run It, respectively. 


Abdrashitov, in a comprehensive survey of the tail 
buffeting problem (reference 5) reports Strouhal numbers 
determined in wind tunnel tests of 0.15 ior plates and airfoils 
at high angles of attack, (In a recent paper Erzywcbloeki 
concludes that tne Strouhal number is not a constant in 
general but. that it is a constant at high angles of attack, 
(reference k)« 


The evident disagreement between the Strouhal number 
obtained in the flight tests with those obtained with 
plain wings tested in wind tunnels is probably to be 
expected because of differences in the Reynolds numbers, 
the downstream positions of the points of measurement, and 
because of the transient character of the flow changes 
in flight * 
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CONCLUSIONS 


fne following conclusions may be drawn from the 
results : 

1, The changes in chordwise pressure distribution 
during the buffeting were, in general, of the type that 
would be associated with an angle -of -attack change. 

2. In symmetrical pull-ups, at the beginning of the 
stall the greatest buffet intensity is located at the root 
of the tai 1 surface but after the stall has developed 
spanwise on the wing the whole tail is enveloped by the 
buffet „ 

3 «, The average value of the increment in the tail 
normal-force coefficient due to buffeting was ±C . 25 • 

Ip, The frequency of the pre-stall disturbances and 
those after the wing stall differ? both fluctuations appear 
regular enough to promote resonance if the tail were of the 
proper frequency.. 


Langley Memorial Aeronautical Laboratory 

•aticnsj Advisory Committee for Aeronautics 
Langley Field, Va. 
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Airplane characteristics 


\Nmg 

Area 23(6 sq ft 

Span 37.29ft 

MAC 63ft. 

Root chord 9 ft 

Section at root N AC A 22/3 

Section oft/p NACA 2209 

Angle to thrust /me / deg. 
O/hedrat 6 deg. 

Aspect ratio 3. 9 


Vertical tail surface 

Total area 22.9sa.ft. 

Height above fuselage 5.67 ft. 

Fm oreof/css fairing area) 9/8 sq.ft. 

R udder area f/nctud/ng t.94sg ft of 
bo to nee and 33 sg ft of tab) 13.74 sq.ft 
Distance from root L£. W. to rudder 
hinge /me 20J3ft. 

Fm offset Odea. 

F in extension No. 1 


Engine 

Type Allison V-I7I0-F4R 

Nor mot power at 10800 ft. /OOOhp. 
Prop ettcr gear ratio 2 : / 

P rope/ ter diameter II ft. 

Flight ope fa fton 

Average weight inflight 3200 tb. 
Average C.G. position 29.5 %M AC. 


Horizontal tat! surface 

To tal area 48. 3sq.ft 

Span 12.79 ft. 

Stabilizer area (including 3.54 sg ft. 

of fuse /age) 30.88 sgft. 

E le va tor area/ mctuat/ng3. 8 sq.ft, of 
balance and 163 sg ft. of fob J 17.44 sq/t 
Distance from root LEW. to e/evator 
hinge line 20.0 ft. 

Stabilizer set above thrust I me 2 deg. 
Horizontal ta/t adore fuse/age center 
/me /SOft 

flax, elevator deflection 3/5'up 




F/gurc /. - Three- view drawing and geometric characteristics of airplane used m tests (P-4QF ) 
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F/gure 2 .-Location of orifices at which pressures were recorded . 


Norma/ Angular velocity. Control Elevator Indicated 

acceleration ,g rad/sec position, deg control force , lb a/rspeed,mph 
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Figure 3 - fleas urements from basic flight instruments during 
abrupt pull-ups to symmetrical stalls . Runs / and 2 . 
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F/gure 4 .- measurements from Pos/c flight instruments during 
snap rolls to the right and to the left. Runs 3 and 4 . 
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Figure 5.- Photographs of typical pressure records and enlargement showing 
time at which values were read for runs 1 and 2. 
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f/gure 6 . — Isomefr/c i//ews of pressure 
d/str/but/ons durrng the abrupt statt putt- up 
of run t . 


Run2 
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Figure 7 . — Isometr/c news of pressure 
distributions during the abrupt stall putt- up 
of run 2 . 
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Figure 8 .-l/oriafion of the rib normal force coefficients during the abrupt pull-ups of runs / and 2. . 
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Figure 9. - \/ariation of normal force coefficient of right horizontal tail during 
eta! I pull- up j of rum / and 2 
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Run 3 



Pun 4 



Figure 10 -Time history of pressures recorded during 
snap rolls to right and left , runs 3 and 4 , 
respectn/e/y . 





Figure / / -Typical curves showing k or /at/ on of pressure 

recorded with frequency of impressed sinusoidal pressure 
for tub/ng w/th or/f/ces . (From unpub/ /shed test data ) 
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